Antioxidant compounds can be useful to prevent several degenerative diseases or as preservative in food and toiletries. Species of the Myrtaceae family are able to accumulate phenolic substances and those are closely related to the antioxidant activity due to their capacity to scavenge free radicals, protect against lipid peroxidation and quench reactive oxygen species. These facts prompted us to investigate the antioxidant capacity of the ethanolic extracts of the leaves of four Myrtaceae plants collected of the south of Brazil: Eugenia chlorophylla O. Berg., Eugenia pyriformis Cambess, Myrcia laruotteana Cambess and Myrcia obtecta (Berg) Kiacrsk. The antioxidant potential was performed using the DPPH (a single electron transfer reaction based assay) and ORAC (Oxygen Radical Absorbance Capacity, a hydrogen atom transfer reaction based assay) assays. Moreover, the total soluble phenolic content was also measured using the Folin-Ciocalteu reagent. A preliminary evaluation of the ethanolic extracts of these Myrtaceae plants revealed high levels of phenolic compounds (343.7-429.3 mg GAE) as well as high antioxidant activity according to both methods (1338 a 3785 µmol of TE/g of extract in ORAC and SC 50 in the range of 1.70 and 33.7 µg/mL in the DPPH). The highest antioxidant activity obtained by DPPH assay was exhibited by ethanol extract of the leaves of E. pyriformis (1.70 g/mL), followed by extracts of M. laruotteana (3.38 g/mL) and M. obtecta (6.66 g/mL). In comparison with controls, in the DPPH assay, the extract of E. pyriformis was more active than trolox (SC 50 = 2.55 g/mL), while the extracts of M. laruotteana and M. obtecta were more actives than quercetin (SC 50 = 7.80 g/mL). In the ORAC assay, all species also show good antioxidant capacity (1000 µmol of TE/g). Initial HPLC-UV/DAD and ESI-MS confirmed the presence of phenolic acids constituents in the ethanol extracts. The results indicate the presence of compounds possessing promising antioxidant/free-radical scavenging activity in the analyzed extracts of Myrcia and Eugenia plants of the south of Brazil.
Antioxidant compounds can be useful to prevent several degenerative diseases or as preservative in food and toiletries products. Currently there is an increasing interest in searching natural antioxidants to replace synthetic compounds, which can be dangerous for human health. Thus many plants have been screened for a possible source of non-toxic and effective antioxidants [1] [2] [3] . Compounds with antioxidant activity are generally phenolics and the free radical-scavenging is a suitable method for preliminary search of them in plants [4] . Myrtaceae is an important family in Brazil, with more than 1000 species over the country. Myrcia and Eugenia, with around 400 and 350 species, respectively, are the major genera [5] . Many species produce edible fruits and, some have an essential ecological role in the conservation of Brazilian biodiversity [6] . Screening for antioxidant activity of Myrtaceae has been focused on its edible fruits [7] [8] [9] , with only one report on leaves [10] . The aim of this work was evaluate the antioxidant capacity of leaves of Eugenia chlorophylla O. Berg., Eugenia pyriformis Cambess, Myrcia laruotteana and Myrcia obtecta (Berg) Kiacrsk.
The selected plants are trees, growing in Southern region of Brazil [11] . Previous studies have reported the essential oil composition of these plants (12) (13) (14) (15) (16) (17) , identification of the flavonoids myricitrin, rutin and quercitrin in the leaves of E. pyriformis [18] and the antimicrobial and antioxidant activities of the fruits of E. pyriformis [7, [19] [20] . No phytochemical reports were found on E. chlorophylla, M. laruotteana and M obtecta.
In this study, the phytochemical screening showed the presence of triterpenes/sterols, phenolic compounds, tannins and saponins in all samples. Theses results are in agreement with previous reports of flavonoids, triterpenes and phenolic compounds in Eugenia and Myrcia [21] [22] [23] [24] [25] [26] . The ethanol extracts showed a total phenol content in the range of 343.7-429.3 mg GAE/ g extract (Table 1) . Phenolic compounds (including simple phenols, tannins and flavonoids) are recognized as one of most important class responsible for antioxidant capacity in plants [27] .
All samples exhibited antioxidant activity concentrationdependent in DPPH assays, with SC 50 varying from 1.70 to 33.72 μg/mL. In DPPH assays the highest antioxidant activity was exhibited by ethanol extract of the leaves of E. pyriformis (1.70 μg/mL), followed by extracts of M. laruotteana (3.38 μg/mL), M. obtecta (6.66 μg/mL) and E. chlorophylla (33.72 μg/mL). In comparison with controls, the extract of E. pyriformis was more active than trolox (SC 50 = 2.55 μg/mL), while the extracts of M. laruotteana and M. obtecta were more actives than quercetin (SC 50 = 7.80 μg/mL) (Table 1) . Moreover, in ORAC-FL kinetic assay the extracts showed a good antioxidant capacity with value between 1338.58 and 3785.70 µM of Trolox equivalent per gram of extract (µM of TE/g). In accordance to literature data, samples with values ≥1000.00 µM of TE/g can be considered samples with good antioxidant capacity in this assay [28, 29] . In ORAC-FL assays, highest antioxidant activity was exhibited by ethanol extract of the leaves of M. laruotteana, followed by extracts of E. chlorophylla, E. pyriformis and M. obtecta (Table 1 ). The differences in best antioxidant capacity of the species studied among the two assays happens due to differences of sensibility and on the basis of the chemical reactions involved in each test: ORAC is a hydrogen atom transfer reaction based assay (HAT) and DPPH is a single electron transfer reaction based assay (ET). It is apparent that the hydrogen atom transfer reaction is a key step in the radical chain reaction. Therefore, the HAT based method is more relevant to the radical chain-breaking antioxidant capacity. Overall, there are a multitude of ET-based assays for measuring the reducing capacity of antioxidants. The assays are carried out at acidic (FRAP and DPPH), neutral (TEAC and ORAC), or basic (total phenols assay by Folin-Ciocalteau reagent, FCR assay) conditions. The pH values have an important effect on the reducing capacity of antioxidants. At acidic conditions, the reducing capacity may be suppressed due to protonation on antioxidant compounds, whereas in basic conditions, proton dissociation of phenolic compounds would enhance a sample's reducing capacity [28, 29] .
Thus, the results documented in this study demonstrated that all extracts analyzed showed antioxidant capacity (measured by DPPH and ORAC assays) and this activity present a positive correlation with the total phenolic content (measured by FCR assay). Moreover the caffeic and chlorogenic acids presented considerable antioxidant ( Table 1 ) capacity and were detected in some of the extracts studied ( Table 2) .
Phenolic compounds has been presented as important substances in combating free radical production mainly due to its chemical structure and redox capacity, allowing them to act as reducing agents, hydrogen donating, neutralizing free radicals [30] , chelating of transition metals and inhibiting lipid peroxidation [31] . In biological systems this capacity confers pharmacological properties to this compounds that act preventively against diseases related to oxidative stress.
The results for E. pyriformis corroborate previous work that reported the inhibition of xanthine oxidase, an enzyme responsible by super-oxide anion production [32] and antioxidant activity of fruits [7, 19] .
The ESI-MS fingerprints technique with direct infusion [33] [34] [35] was used to characterize the presence of compounds with potent free-radical scavenging activity in this work. The extracts were analyzed by direct insertion both in the negative and positive ion modes. However, ESI(+)-MS fingerprints produce by far the most characteristic mass spectra; hence only the ESI(-)-MS data will be presented and discussed. This method in the negative ion mode provides a sensitive and selective method for the identification of polar organic compounds with acidic sites, such as the phenolic organic acids. Deprotonated forms of the compounds of interest were then selected and dissociated and their ESI-MS/MS were compared to those of standards.
Chlorogenic acids are esters of trans-cinnamic acids (coumaric, caffeic, ferulic, and 3,4-dimethoxycinnamic) with quinic acid. The trans-cinnamic acids can be esterified at one or more of the hydroxyls at positions 1, 3, 4, and 5 of quinic acid, originating series of positional isomers. In HPLC-UV/DAD and ESI-MS analysis the Myrcia samples presented m/z 353 as base peaks (bp) in negative ionization mode mass spectra and UV spectra characteristics of caffeoylquinic derivatives (UV max: ≈298 and 325 nm) which, when taken together, suggest positional isomers of a quinic acid (QA) esterified with a single caffeoyl (CAF) unit. The product ion spectra obtained by negative ion MS/MS for precursor ions m/z 353 were different from each other, and comparison with the caffeoylquinic acids (CQA) identification keys [36, 37] led to the individualization of three CQA positional isomers. The product ion spectrum for m/z 353 showed m/z 191 (bp) and m/z 179 at 4% ri. The greater relative intensity of m/z 179 in the product ion spectrum, led to the identification of peak as 5-O-(E)-caffeoylquinic acid (5-CQA). Furthermore, the identity of this compound was also confirmed through co-elution with a 5-CQA authentic standard. In the ESI-MS fingerprints of the samples of Myrtaceae extracts (Figure 1 , Table 2) The investigation by direct infusion electrospray ionization mass spectrometry (ESI-MS) provided important information about bioactive components present in the Myrtaceae extracts, that are widely reported as potent antioxidants, probably explaining the antioxidant activity of the studied extracts [35, [38] [39] [40] .
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Quantitative determination of total soluble phenols:
The extracts, dissolved in methanol, were analyzed for their total soluble phenolic content according to the Folin-Ciocalteau colorimetric method [42] [43] , using gallic acid as reference. The results were expressed as milligrams of gallic acid equivalents (GAE) per gram of extract or fraction (mg of GAE/g). The analyses were performed in triplicate.
Radical scavenging activity using the DPPH method:
The antiradical activity of extracts was determined using the stable 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) [44] . The test was performed in 96-well microplates. Fifty microliters of a 250 μM DPPH solution in MeOH was added to a range of solutions of different concentrations (seven serial 3-fold dilutions to give a final range of 100 to 1.6 μg mL -1 ) of extracts to be tested in MeOH (10μL). Absorbance at 517 nm was determined 30 min after the addition of each of the compounds tested, and the percentage of activity was calculated. Quercetin and 6hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were used as positive controls. All samples were tested in triplicate. The antioxidant activity of each sample was expressed as the SC 50 value, which is the concentration in μg mL -1 of each extract that scavenged 50% of the DPPH radicals. All of the results are expressed as mean of three different trials.
Evaluation of antioxidant capacity by ORAC assay:
The antioxidant capacity of the ethanolic extract was assessed through the oxygen radical absorbance capacity (ORAC) assay. This assay measures antioxidant scavenging activity against peroxyl radicals using fluorescein as the fluorescent probe. ORAC assays were carried out on a Synergy HT multi-detection microplate reader system. The temperature of the incubator was set at 37°C. The procedure was carried out according to the method established by Ou and co-workers [29] with modifications [45] . The data were expressed as micromoles of Trolox equivalents (TE) per gram of extract on dry basis (μmol of TE/g) and as relative Trolox equivalent for pure compounds. Quercetin and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were used as positive controls. The analyses were performed in triplicate.
HPLC analysis: HPLC analyses were conducted using a RP-18 column (Lichrospher, 5 μm, 225\4.6 mm, Merck). The mobile phase consisted of a linear gradient combining solvent A (acetonitrile) and solvent B (water/acetic acid, 99:1, v/v, pH 2.88) as follows: 15% A (15 min), 15-40% A (5 min), 40-60% A (5 min), 60-100% A (5 min), 100-15% A (5 min), 15% A (5 min). The analyses were carried out in triplicate at a flow rate of 0.8 mL/ min and an injection volume of 20 μL. UV-DAD detector was set to record between 200 and 600 nm, and the UV chromatograms were measured at 254 and 330 nm. The samples were analyzed at 1 mg/mL. The standard sample of quinic acid and chlorogenic acid (5-O-(E) caffeoylquinic acid) were also analyzed and then used for co-elution with authentic standard.
Electrospray
ionization mass spectrometry fingerprinting: Crude extracts of Myrtaceae plants were diluted in a solution containing 50% (v/v) chromatographic grade methanol and 50% (v/v) deionized water and 0.5% of ammonium hydroxide (Merck, Darmstadt, Germany). In the fingerprinting ESI-MS analysis, the general conditions were: source temperature of 100 o C, capillary voltage of 3.0 kV and cone voltage of 30 V. For measurements in the negative ion mode, ESI(-)-MS, 10.0 L of concentrated NH 4 OH were added to the sample mixture having a total volume of 1000 L yielding 0.1% as final concentration. For measurements in the positive ion mode ESI(+)-MS, 10.0 L of concentrated formic acid were added giving a final concentration of 0.1%. ESI-MS was preformed by direct infusion with a flow rate of 10 L min mL -1 using a syringe pump (Harvard Apparatus). Structural analysis of single ions in the mass spectra from extract was performed by ESI-MS/MS. The ion with the m/z of interest was selected and submitted to 15-45 eV collisions with argon in the collision quadrupole. The collision gas pressure was optimized to produce extensive fragmentation of the ion under investigation. The compounds were identified by comparison of their ESI-MS/MS fragmentation spectra with literature data [33] [34] [35] .
Statistical analysis: Data are reported as mean (%RSD, relative standard deviation) of triplicate determinations. The statistical analyses were carried out using the Microsoft Excel 2002 software package (Microsoft Corp., Redmond, WA)
